. The relationship between relative abundance (catch or sightings ± 95% confidence limits) and distance from the nearest seamount summit in the azores for four seamount "visitors." Broken line shows overall mean. Recalculated from data presented in on seamounts (e.g., Pitcher and Bulman, 2007) and-bust" life history characteristics can be exploited by heavy, high-technology fisheries. We estimate present global seamount catches to be about 3 million tonnes per annum and increasing-vastly in excess of estimated sustainable levels.
Unfortunately, most seamount fisheries are unmanaged. In a few developed countries, precautionary management regimes have recently been introduced, including protection from bottom trawling. Small-scale artisanal fisheries using less-harmful fishing gear, spatial closures, and low catch levels provide an attractive model for improved seamount fishery management that could foster the reconstruction of previously damaged seamount ecosystems. Such restored systems might one day support a substantial global sustainable fishery, although, like many other fisheries, the prognosis is poor.
iNTroducTioN
In order to know where you might go, it helps a lot to know where you are starting from and how you got there.
It is bewildering how much fisheries policy, like Lewis Carroll's Bellman and his crew, fails to meet this rather obvious "road map" approach. Seamounts, of 1 an average of about 60 large, > 1-km-tall seamounts per exclusive economic Zone, and about 10 times that number of small, > 0.1-km-tall seamounts (Wessel, 2007; kitchingman et al., 2007) .
which there an awful lot however you count them 1 , have produced some large and stunningly profitable fish catches and the Madeira-Canaries area, the maximum annual catches were relatively high but were not sustained for sidebar 1. algorithm for estimating Fishery catches at seamounts scientists outside of the fishery field are often surprised that much of the "data" on catches are not well known and have to be estimated. Fisheries statistics are available for most of the world's fisheries landings from a number of institutions, including the Food and agriculture organization (Fao) of the united Nations and its regional bodies, the international council for the exploration of the sea (ices), the commission for the conservation of antarctic Marine living resources (ccaMlr), and the Northwest atlantic Fisheries organization (NaFo). however, these data mostly concern where fish were landed and sold, whereas information about where the fish were caught is often very vague or missing altogether (Watson et al., 2004) . in addition to these "reported" catches, unreported discards and illegal fish catches have only recently been estimated globally (agnew et al., 2009 ). on average, they add at least 50% to the reported landings. hence, we used an algorithm that estimates catch in small spatial areas based on reported catches, species distributions, international fishery agreements, and other information. global catch rates (tonnes km -2 yr -1 ) mapped into half-degree zones were constructed with rule-based procedures (Watson et al., 2004) developed by the sea around us (sau) project based at the Fisheries centre of the university of British columbia, canada (http://www.seaaroundus.org). available fisheries data were harmonized by removing overlaps and standardizing codes from a wide range of sources (see above), and employing many reconstructed national data sets (Zeller and Pauly, 2007) to produce a representative database of global fisheries landings (see http://www.seaaroundus.org). We also used additional databases of fishing access arrangements compiled by sau from Fao and other sources, observed national fleet fishing patterns (Watson et al., 2004) , and incorporated extensive information on the geographical distribution and ecology of over 2000 commercial marine fish species from the literature and museum collections (close et al., 2006) . The original spatially coarse fisheries landings data records were assigned to a grid of 30-minute latitude × 30-minute longitude spatial cells from 1950 to 2004. For this paper, fishery catches were tallied from cells that contained at least one seamount, for zones within 20 km of a known seamount. (Vinnichenko, 2002) , and for orange roughy in the southwestern Pacific from the 1980s to present (Clark, 1999; Francis and Clark, 2005) . Over this period, at least 2.2 million tonnes of fish were extracted from seamounts from the major world regions 
coNserVaTioN aNd MaNageMeNT
Wide scientific and public concern about the adverse impacts of bottom trawling and the lack of seamount fishery sustainability has led, in recent years, to initiatives designed to improve their conservation and management at global, regional, and national levels (Probert et al., 2007) 
where r is the intrinsic rate of population and Binf is the carrying capacity for this fish population, is related to the energy, E, available to a specific fish population based on
where P is total primary production, TE is the transfer efficiency, and γ is the proportion of energy at trophic level λ that is used by the population (e.g., Ware, 2000) .
The conclusion is that there is a useful relationship:
log Msy' = log P' -a . γ + log g + g,
where P' is the primary production from the exploited range, and a and g are constants. They fitted known catches to this relationship to estimate the parameters that allow sustainable yields from other stocks to be estimated. cheung et al. (2005, 2007) and Morato et al. (2006a) calculated the intrinsic vulnerability to fishing for commercial fish species based on a fuzzy logic expert system using life history (maximum length, age at first maturity, longevity, von Bertalanffy growth parameter [k] , natural mortality and fecundity) and ecological characteristics (spatial behavior and geographic range). generally, the lower the vulnerability, the higher the production or long-term yield that can be extracted sustainably from a fish stock. (Fish species estimates are available at www.int-res.com/articles/suppl/m333p001_app.pdf).
Based on a similar approach, srinivasan et al. (2008) also estimated the long-term sustainable catch (Msy), for commercial fish stocks by devising simple, conservative guidelines based on the species' lifespans tmax from published sources and using databases such as FishBase (http://www.fishbase.net), the Fao Fisheries global information system (Figis), and arkive's images of life on earth (http://www.arkive.org/species/ark), as well as the maximum catch over the period cmax (based on catch estimates from the sea around us project-sidebar 1) and selected Msy and catch estimates from the Northeast Fisheries science center of the us National oceanic and atmospheric administration (http://www.nefsc.noaa.gov/sos). as the "lost valley" technique (Pitcher, 2005; Pitcher and Ainsworth, 2008) .
For sure, we would not be wise to fish restored ecosystems using today's fishing fleets! A better approach would be for target fishery yields to be guided by the concept of "optimal restorable biomass, " an ecosystem-based fishery restoration protocol . Sadly, no fishery management of seamounts has yet gone down this restoration-oriented route. and recent field data, we are now able to draw up some initial rules covering how seamounts should be fished and managed sustainably using a precautionary approach (e.g., . And a few seamounts, at least, need to be fully protected just to enable deeper scientific study. But the evidence put forward here argues that all seamounts need rational management, protection from trawling, and control of other types of fishing if they are not only to provide sustainable fisheries but also to serve as reservoirs of abundance, propagules, and biodiversity (Clark, 2009 ). Then, seamounts can act out their role as "islands in the deep, " sustaining the ocean food web. 
